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Section S1. Comparison of the spectral absorptivity and emissivity
In Fig. 2B in the main text, the reflectivity and the emissivity measured by FT-IR spectrometry is plotted. It was confirmed that these quantities are complementary to each other. For the sake of further comparison, we provide here the graphs of the spectral absorptivity. The absorptivity A is obtained from the reflectivity R, under the assumption that the substrate is fully opaque (transmissivity T=0); A=1-R-T=1-R. Both the emissivity and reflectivity are measured at the temperature 200°C. Figure S1 shows the result with respect to the wavelength (figs. S1A and B) and the wavenumber (figs. S1C and D). It is observed that the absorptivity and emissivity agree well with each other in terms of the spectral characteristics, such as the peak at the wavelength 5.4 μm (wavenumber of 1851 cm -1 ) and the double peaks around the wavelengths of 7.4 μm and 7.9 μm (wavenumber of 1351 cm -1 and 1265 cm -1 ), respectively. However, there still remains gap between the absorptivity and the emissivity. This can be ascribed to the low signal to noise ratio originating at the relatively low temperature of 200°C. Taking this into account, we also plot the graphs with the absorptivity multiplied by 0.7 in fig. S1B and D, which exhibit better agreement.
Section S2. Real and imaginary parts of the dielectric constants of the n + and n ++ InAs layers and the mode index
In fig. S2A , we plot the imaginary part (dotted lines) of the dielectric constant of the InAs layers as well as the real parts (solid lines). The red, blue, and green curves correspond to the infinitefrequency permittivity, the dielectric constant of the low-doped (n μm to 7.2 μm, the accumulation layer formation leads to the decrease of the mode index. As a result, the reflectivity dip (or the emissivity peak) exhibits the blue-shift. On the other hand, the formation of the depletion layer gives rise to the increase of the mode index. Therefore, the reflectivity dip (or the emissivity peak) features the red-shift. an array size of 600 μm × 600 μm. Each grating is connected to acommon electrical pad, composed of the outer frame. At the four corners of the outer frame, the metallic gratings were fabricated for easy location in a dark field microscopy setup. There are electrical address lines that connect the gratings, which allow for a relatively low resistance and fast response. The probe tip was landed on top of the outer frame. Under the outer frame, an additional layer of SiO 2 is defined by hydrogen silsesquioxane (HSQ) negative e-beam resist. This prevents the probe tip from poking all the way through the gate oxide to the bottom substrate. In order to enhance the electrical connection between the electrical pad on top of the outer frame and gratings, the HSQ negative resist was exposed to larger doses (1,000 μC/cm 2 ), so that it holds smoothly tapered side walls. The Al pattern made by the e-beam deposition, which is highly directional, did not suffer from step-coverage issues thanks to the slowly varying HSQ side-wall. Figure S3B shows the SEM images. The scale bar is for SEM image is100 μm. 
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Ideally, this one corresponds to the black body radiation at the temperature 200°C. According to the Wien's displacement principle, the peak radiation takes place at 7.2 μm. The difference seems to originate from an imperfection in the measurement setup and the potential gas absorption spectrum.
In the middle panels, we plot the tunable thermal emission in terms of the emissivity. The color notations are the same as in the top panel ( fig. S4A ). In the measurement setup, the data was normalized as follow (Fig. 3 ).
In the bottom panel, we replot the same result in terms of the changes in the emissivity. The unit is %P. The emissivity spectra for the depletion (green) and accumulation (blue) were compared with respect to the no-bias spectrum. This scale was used in Ref. 23 (Fig. 3) . 
Section S5. Reflectivity tuning as a function of incremental electrical bias and the mode index
One of the factors that limit the tunability of thermal emission and reflectivity is the dielectric strength of the gate oxide. While conducting emission and reflection measurements on various samples, we applied the electric field less than the limit in order to avoid potential damage of the sample.
It is worthwhile to push the limit of tuning with higher applied electrical bias voltages. Figure S5 shows the reflectivity spectrum from a sample with a grating width of 625 nm and a period of 
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1.15 μm. The applied bias ranges from 0 V to -20 V with an incremental step size of -2 V. The blue curve corresponds to the reflectivity spectrum for 0 V, whereas the red curve is for -20 V.
With the negative bias a depletion layer is formed, which in turn leads to a redshift in the resonance wavelength. In fig. S5B , we show the zoom-in view of the reflectivity spectrum, the region which is depicted as a rectangle in fig. S5A . The arrow indicates the direction of the increase in the absolute value of the applied bias. As the higher the electric bias is applied, the larger the reflectivity is tuned. Figure S5C plots the reflectivity change as a function of the applied bias. Please be advised that, since the negative bias is considered here, the x-axis is reversed in order to visualize the increase of the absolute value of the applied bias. It is clearly seen that the tuning increases monotonically as the higher bias is applied. The maximum tunability is around 6.9%P. The current, however, also rises up to hundreds of nA, as shown in fig. S5D . Figure S7 shows the dielectric strength measurement of the gate oxide. Figure S7A shows a schematic diagram of the experimental setup. We characterize two cases of applied bias; one is for the top electrode with the positive bias (+V, red curve in (A)). This induces accumulation in the InAs layer. In fig. S7B , we show the current-voltage (IV) linear plot for the top-positive bias.
The arrows in fig. S7B indicate the direction of the change in the applied voltage. It is seen that the breakdown takes place at a voltage of 24 V. Considering that the thickness is 32.6 nm, the dielectric strength is calculated as 7.36 MV/cm. We also plot the IV log-scale plot for the toppositive bias in fig. S7C . In a similar manner, the top-negative bias measurement (-V, blue curve in (A)) is conducted (figs. S7D and E). This causes depletion in InAs layer. The breakdown occurs at 25.2 V, which corresponds to a dielectric strength of 7.73 MV/cm. 
Section S8. Reflectivity tuning from samples with various widths and periods
In order to understand the functional behavior of the reflectivity tunability, we varied the metasurface design in terms of the grating width and period. Figure S9 shows the photograph image of the sample under this study. Figure S9A shows photo image of 10 × 10 cases of gratings. Figure 9B is the scanning electron microscopy (SEM) image. The upper squares of each block correspond to the contact pad, on which the probe tips will be located. The bottom parts of each block with Moire patterns are the grating region. Figure 9C shows one of the zoom-in SEM images with the strip-gratings. Figure S10 shows the reflectivity spectrum from the samples in fig. S9 . The first row ( fig. S10A , B, C) is from simulations, and the second row ( fig. S10D, E, F) is from the FT-IR measurement. We note that the experiment result agrees well with the simulation in terms of the spectral position of the resonance wavelength and the functional behavior of the spectral shift upon applied bias. When the grating width is small so that the resonance wavelength is below the ENZ wavelength ( fig. S10A, D) , the depletion leads to a redshift of the resonance and the accumulation results in a blueshift. When the grating width is large and the resonance wavelength is above the ENZ wavelength ( fig. S10C, F) , the depletion gives rise to a blueshift and the effect of accumulation is relatively small. In the intermediate regime ( fig. S10B, E) , there are two reflectivity dips. With depletion those two dips merge into a single dip. By making use of such two-dips-to-single-dip changes, it is possible to achieve large modulation. This phenomenon and its origin was presented and discussed in detail in our previous study (Ref. 27 in the main text).
The effect of the grating width has been well established and elucidated. In order to investigate the role of the spacing (i.e. distance between two neighboring gratings), we conducted reflectivity measurements and calculations for samples with a similar grating width, but different spacings than those shown in fig. S10 . (width 795 nm) and S10L (width 840 nm). However, it turned out that this amount of difference has a negligible effect on the reflectivity spectrum.
Now let us take a look at effect of the spacing. Figure 10D is greater than the absorption due to leakage (coupling loss). As the spacing is decreased the absorption due to leakage increases, because the smaller spacing allows for the easier couplingin and out. As those two quantities (material loss and coupling loss) become comparable, the resonance is close to the critical coupling. If the spacing continues to shrink, it is expected that the reflectivity increases again, as the resonance scheme enters the over-coupling regime. The detail discussion can also be found in our previous report (Ref. 29) .
One may be inclined to ask which approach is better to achieve the largest possible modulation:
how to pick the grating width and spacing. With respect to the grating width, it is better to design the grating width in such a way that the resonance wavelength is around the ENZ wavelength and the reflectivity spectrum exhibits double dips (Ref. 27) . This is also confirmed in the current study by comparing the center panel ( fig. S10B and E, and fig. S10H and K) with the left and right panel. Regarding the grating spacing, however, we could not observe distinguishable difference between the samples with various spacings. In the undercoupling regime, the small spacing contributes to the lower reflectivity at the resonance, which in turn leads to the higher emissivity. Therefore, with the similar tunability, it is expected that designing small spacing would be beneficial for the tunable thermal emission control.
